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Introduction
Cypermethrin is a pesticide of the synthetic pyrethroid group, used extensively in the fields of environmental health and agriculture. It is known to act as both a stomach and a contact poison. Its selective toxic effects are related to the neural sodium channels. The metabolism of cypermethrin is quite rapid, and during its metabolism reactive oxygen species (ROS) are generated. These free radicals, which are most active, cause oxidative stress through peroxidation of the lipid membrane. Damage may occur in certain tissues and organs, due to either the free radicals that are generated or the direct effect of the pesticide [13-15, 22, 24, 31] . Cells possess intracellular defense mechanisms to prevent damage by these free radicals. In the enzymatic defense system, antioxidant enzymes play a primary role, and these enzymes convert free radicals into less harmful or harmless compounds [17, 18, 42] . Various studies have been conducted on certain substances with antioxidant properties, which are not synthesized in the body, and are taken into the body from the diet [9, 14, 15, 23, 32] . Propolis is one of these substances. Propolis is a biological material collected by bees from various plants. The mechanism underlying the antioxidant effect of propolis is its high content of flavonoids which scavenge free radicals [2, 19, 21, 29, 37, 38] .
The present study aimed to evaluate the possible prevention of the toxic effects of cypermethrin, administered as a single dose of 125 mg/kg.bw followed by the administration of a single dose of 250 mg/kg.bw propolis, based on certain biochemical parameters.
Materials and Methods

Animals
Twenty-eight female Wistar rats, weighing 150-200 g were used in this study. Rats were obtained from Experimental Research Center of Erciyes University in Kayseri. The animals were evenly divided into 4 groups, one control group and three experimental groups. The animals were exposed to a 12 h light/dark cycle, housed at a fixed temperature of 22-24°C, and provided feed and water ad libitum. Pellet feed containing 23% crude protein, 7% crude cellulose and 2,600 kcal/kg metabolic energy was given to the animals. The guidelines of Erciyes University Faculty of Veterinary Medicine were followed in the animal experiment, animal care and all protocols.
Extraction, preparation, and analysis of propolis
The method and procedure described by Bankova et al. [1] for propolis extraction and analyses were used for the adjustment of the gas chromatography-mass spectrometry (GC-MS) device. Turkish propolis obtained from Apis mellifera was used in the present study. The localization of this honeybee species is Kayseri province and Bunyan district in Turkey. Propolis samples were stored at -20°C till processed. Subsequently, 30 g of crude propolis was incubated in 70% ethanol at 50°C for 3 days. The ethanol extract obtained at the end of this period was filtrated and completely vaporized. Following dissolution in water, it was used for examinations.
Administration of cypermethrin and propolis
The first group served as the control group (group 1), and was administered 1 ml of soy oil per os. The second group (group 2) was first administered 1 ml of soy oil, and then a single dose of 250 mg/kg.bw propolis in a volume of 1 ml per os. The third group (group 3) was administered a single dose of 125 mg/kg.bw (1/2LD 50 ) [35, 41] cypermethrin in 1 ml of soy oil per os. Finally, the fourth group (group 4) was first administered a single dose of 125 mg/kg.bw cypermethrin in 1 ml of soy oil per os followed by a single dose of 250 mg/kg.bw propolis in a volume of 1 ml per os, 30 min later. All oral administrations to animals were performed using a catheter.
Collection of blood samples and separation of plasma, serum, and erythrocytes
Twenty-four hours after the administration of propolis, blood was collected from all animals under light ether anesthesia into heparinized, dry tubes. Each tube was centrifuged at 3,000 rpm for 10 min for the separation of serum, plasma, and blood cells.
Collection and preparation of tissues for analysis
Immediately after the extraction of the liver, kidney, and brain tissues of the animals, tissues were rinsed in ice-cold de-ionized water and homogenized. Prior to homogenization, the tissues were added to a buffer solution with an adjusted pH value (1:5). Tissues were homogenized in a cabin full of ice using a homogenizer. The homogenate was transferred into tubes and centrifuged at 20,000 rpm for 1 h. The resulting supernatant was transferred to Eppendorf tubes.
Washing of erythrocytes and haemolysis
Following the centrifugation of the blood samples collected in heparinized tubes and the separation of plasma, the leucocyte and thrombocyte layer above the blood cells was discarded, and the erythrocyte layer was washed three times with phosphate buffered saline. Subsequently, phosphate buffered saline was added at a volume equal to the erythrocyte sediment, and the mixture was slightly shaken. The erythrocyte sediment, 0.8 ml, was haemolysed with 3.2 ml of ice-cold distilled water [43] .
Analysis of erythrocyte hemoglobin and tissue protein levels
Erythrocyte hemoglobin levels were detected in accordance with the cyanomethaemoglobin method described by Fairbanks and Klee [10] . Protein levels in liver, kidney, and brain tissues were determined in accordance with the method described by Lowry et al. [25] and modified by Miller [30] . The results were expressed as mgHb/ml haemolysate and mg-protein/ml homogenate.
Measurement of oxidative stress markers of plasma, tissue, and erythrocytes
Plasma measurements were performed as described by yoshioka et al. [44] . The method described by Ohkawa et al. [33] was used for the determination of tissue malondialdehyde (MDA) levels in all tissues. The results were calculated in nmol/ml and nmol/mg-protein for MDA levels. Superoxide dismutase (SOD) measurements were performed as described by Sun et al. [40] . Catalase (CAT) activity was measured as described by Luck [26] . Detection of glutathione peroxidase (GSHPx) activity was performed in accordance with the method described by Paglia and Valentine [34] . Results were calculated in U/mgHb and U/mg-protein for all antioxidant enzyme activities.
Measurement of biochemical parameters in sera
The measurements of serum glucose, triglyceride, uric acid, cholesterol, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP) activities/levels were performed automatically by means of a Konelab 60i auto-analyser (Thermo Clinical Labsystems, Finland) using a Konelab label kit (Thermo Clinical Labsystems, Finland).
Statistical analysis
Statistical analyses were performed with the SPSS 11.0 statistical software package for Windows. Data were calculated as arithmetical means and standard deviations. Significances between groups were evaluated using oneway analysis of variance (ANOVA) with statistical significance set to P<0.05. Differences between groups were determined by Duncan's multiple range test.
Results
Propolis composition
Propolis is composed of fatty and aromatic acids (9-octadecenoic acid, 2-propenoic acid, caffeic acid), alcohol, ketone and terpens (2-naphtalenemethanol, 2-propen-1-one, 4H-1-benzopyran-4-one, coumaran-5,6-diol-3-one, benzofuran-3-one), flavonoids (chrysin), esters (cinnamyl cinnamate), and other chemicals (1-phenathrenecarboxy-aldehyde, benzeneamine, eicosane, heptacosane, cyclotrisiloxane). The ion current (TIC %) and retention time (RT) values of these compounds are given in Table 1 .
Oxidative stress markers
First, compared to group 1, in group 3, the plasma MDA level was determined to be significantly increased, whereas in group 4, the MDA level was demonstrated to be lower than that of group 3. In other words, the MDA level was determined to be closer to that of group 1. Tissue MDA levels were determined to be significantly increased in group 3. On the other hand, a decrease in tissue MDA levels was observed in group 4, but no statistically significant difference was found between groups 3 and 4. Second, compared to group 1, the SOD activities of erythrocytes, liver, kidney, and brain tissues were determined to be significantly decreased in group 3. Those of group 4 were demonstrated to be closer to those of group 1, and as a result there was no significant difference between groups 1 and 4. Third, compared to group 1, in group 3, CAT activity was demonstrated to have decreased significantly in erythrocytes and brain tissue, whereas in group 4 these values were demonstrated to be closer to those of group 1. Fourth, statistically significant differences in the GSH-Px activities of liver, kidney, and brain tissues were determined in group 3 compared to group 1. There were decreases in the enzyme activities of brain and liver tissues and an increase in that of kidney tissue. Enzyme activities of group 4 were close to those of group 1. Lastly, compared to the control group, no significant differences existed with respect to oxidative stress markers (MDA, SOD, CAT, and GSH-Px) in group 2 (Tables 2-5).
Serum biochemical parameters
First, significant differences were demonstrated to exist among the groups for glucose levels. In group 3, the serum glucose level was demonstrated to have increased significantly. On the other hand, the serum glucose level of group 4 was demonstrated to be close to that of group 1. Second, compared to group 1, triglyceride levels were determined to be significantly decreased in group 3. Those of group 4 were demonstrated to be closer to those of group 1. Third, in comparison to group RT: Retention time. %TIC: % of the ion current, GC-MS. The ion current generated depends on the characteristics of the compound concerned and it is not a true quantitative value. 2, statistically significant differences were determined in groups 3 and 4 for cholesterol levels. The values were determined to have increased in groups 3 and 4. However, when compared to group 1, no significant difference was determined. Lastly, no statistically significant difference was determined among the groups for uric acid levels and AST, ALT, and ALP activities. In addition, no statistical difference existed between groups 1 and 2 for any of the biochemical parameters (Tables 6  and 7 ). Data: arithmetical mean ± SD. Data within the same column aren't significantly different (P>0.05).
Discussion
Studies have been conducted on animals to investigate oxidative damage and tissue and organ damage caused by cypermethrin. In these studies, oxidative stress markers and other biochemical parameters [7, 13, 22, 27, 31] , and changes in these parameters upon the administration of detoxifying substances have been investigated [8, 14, 15, 24, 45] . However, no previous studies related to effectiveness of propolis against acute cypermethrin exposure exist.
Composition of propolis
Chrysin which belongs to the group of flavonoids has been defined as an antioxidant component of propolis by Gomez-Romero et al. [16] . Chaudhuri et al. [4] have also reported its antioxidant effects.
Administration of propolis alone
The changes in MDA levels in the group which was administered propolis alone compared to the control group were statistically insignificant. There were bidirectional changes in antioxidant enzyme activities, yet these changes were also statistically insignificant, demonstrating that the administration of propolis alone has no effects on rats. On the other hand, in a human study carried out by Jasprica et al. [21] , propolis was reported to cause a decrease in the MDA level and an increase in SOD activity. Both the origin and composition of propolis are considered to be reasons why similar results were not obtained in the present study. However, even more important, might be the duration of exposure, as only a single administration was performed in the present study. The exposure dose and the physiological features of the animal species used may also have had an effect. Serum glucose, triglyceride and cholesterol levels were determined to have decreased in group 2, yet this decrease was found to be statistically insignificant compared to the control group. This result, as indicated above, may be related to the dose administered and the single administration. As in a study conducted by Matsui et al. [28] with rats, propolis was determined to cause a decrease in glucose levels, and also Fuliang et al. [12] reported it decreased triglyceride and cholesterol levels in rats.
Administration of cypermethrin alone
The increase of plasma and tissue (liver, kidney, brain) MDA levels and changes in erythrocyte and tissue (liver, kidney, brain) SOD, CAT, and GSH-Px activities were demonstrative of oxidative stress in group 3. Cypermethrin has been determined to accelerate the generation of free radicals, and the increase in free radicals has been demonstrated to cause both an increase in the MDA level through peroxidation of the lipid membrane, and the induction/inhibition of antioxidant enzymes which are involved in the formation and degradation of H 2 O 2 [15, 27, 31] . These changes may either be directly caused by cypermethrin, or may develop upon the degradation and conversion of the free radicals generated by cypermethrin into less harmful metabolites. Previous studies [13, 15, 22] report cypermethrin causes changes in oxidative stress markers.
Of the biochemical parameters investigated in this study, glucose was determined to have significantly increased in group 3. On the other hand, a significant decrease was demonstrated in the triglyceride level. An increase in blood glucose level is induced by many pesticides, and leads to an increase in the secretion of corticotrophin from the adrenal glands, a decrease in the secretion of insulin, and an increase in the secretion of glucagons [6] and pancreatic damage [20] . A decrease in the triglyceride level may suggest impairment of the lipid metabolism by cypermethrin, since cypermethrin is known to impair lipid metabolism [36] . Increases of blood AST, ALT, and ALP activities are related to liver damage and change in hepatic function [5, 11] . Serum ALP activity increases in case of damage to hepatic cells and obstruction of the bile ducts through proliferation of hepatic cells [8] . In the present study, statistically insignificant changes were observed in AST, ALT, and ALP activities, suggesting there was no severe liver damage. Also, there were insignificant changes in uric acid levels. Thus, this can not point out possible toxic effect of cypermethrin in rats.
Administration of cypermethrin plus propolis
The four oxidative stress markers displayed more normal values in group 4. The values of these parameters were determined to be close to those of group 1. This suggests propolis caused a decrease in the level of free radicals, an effect generated by certain compounds found in the composition of propolis, especially flavonoids. Flavonoids act, particularly, on the xanthine oxidase system and super oxide anion radicals. They also exhibit radical-scavenging activity. Likewise, caffeic acid derivatives have also been indicated as xanthine oxidase inhibitors [3, 39] . Matsushige et al. [29] investigated the effect of Brazilian propolis on the free radical, 1,1-diphenyl-2-picrylhydrazyl (DPPH), and the on xanthine/ xanthine oxidase (xOD) and a-nicotinamide adenine dinucleotide (NADH)/phenazyne (PMS) reaction which is involved in the production of the superoxide anion radical. They reported that propolis exhibits a strong antioxidant effect. In the present study, compared to group 1, only changes in CAT and GSH-Px activities in the kidney tissue were determined to be significant. No significant changes were determined in any of the other three enzymes investigated. This suggests that changes in enzyme activities are related to a decrease in the level of free radicals. Studies have been carried out on the role of antioxidant components in the detoxification of cypermethrin [15] and other pesticides and their positive effects [9, 23, 32] on oxidative stress parameters.
The serum biochemical parameters of group 4 were close to these of group 1, and the lack of statistically significant differences between the two groups for glucose and triglyceride levels, which are particularly important parameters, suggests that the administration of propolis had beneficial effects on biochemical parameters after cypermethrin insult. In previous studies, the influence of cypermethrin on biochemical parameters in various animal species, and those of detoxifying substances used for the alleviation of intoxication arising from the pesticides have been investigated. The detoxifying substances were determined to have had positive effects on these parameters [8, 45] . In the present study, propolis, which has not previously been used as a detoxifier, was demonstrated to display beneficial effects on most of these parameters, by returning their values close to those of the control group after cypermethrin insult.
In conclusion, a single administration of cypermethrin to rats of 125 mg/kg.bw caused changes in some blood and tissue biochemical parameters, and a single administration of propolis of 250 mg/kg.bw exerted a beneficial effect on these parameters.
